Background: Previous studies have demonstrated psychosocial and physical benefit from exercise for older men treated with androgen deprivation therapy (ADT) for prostate cancer (PCa). To date, different intervention delivery methods have not been assessed. This study compared the effect of group-based exercise (GBE) to personal training (PT) in men undergoing ADT for PCa. Methods: 13 participants (mean age = 68.2, SD = 7.2) were randomly assigned to GBE or PT for 8 weeks. Participants exercised for 60 minutes three times per week at a moderate-vigorous intensity. Results: 10 participants completed the intervention. At post-intervention, the PT group improved: fatigue, systolic BP, waist circumference, body fat percentage, and maximal leg strength; participants in the GBE group improved leg strength. At 8 weeks, maximal upper body strength in the PT group was greater than the GBE group. There were no adverse events associated with moderate-high intensity training in this population of older men. Conclusion: PT may be more efficacious than GBE in improving several physical fitness outcomes and fatigue in men with PCa who are androgen deprived. Due to the small sample size and attrition, these results require cautious interpretation and confirmation from adequately powered trials.
Introduction
In Canadian men, prostate cancer (PCa) is the most common form of cancer and the third leading cause of cancer-related death [1] . Fortunately, advances in detection and treatment have led to earlier diagnosis and treatment, improving 10-year survival rates to over 95% [2] [3] [4] [5] . Thus, the population of PCa survivors is growing. A common treatment for men with advanced PCa is androgen deprivation therapy (ADT) which may be used for several years or indefinitely [6, 7] . Unfortunately, ADT leads to numerous undesirable consequences that negatively affect physical function and health-related quality of life (HRQOL), including: reduced lean mass and bone density, increased fat mass, and anemia, that collectively contribute to physical weakness and fatigue [8] [9] [10] [11] . In response to these prevalent and often distressing side effects, exercise has been proposed and examined as a complimentary therapeutic modality to ADT given its physical, physiological, and psychosocial benefits [12] [13] [14] [15] [16] [17] .
Recent systematic reviews have examined the role of exercise in PCa, documenting numerous physical and psychosocial benefits and no exacerbation of disease status (no increase in prostate-specific antigen or testosterone) [18] [19] [20] . Specifically for PCa patients receiving ADT, six published trials have examined the role of exercise on physical fitness and HRQOL outcomes [16, 17, [21] [22] [23] [24] . Most of these trials have employed hospitalbased, supervised exercise training programs which have yielded more robust benefits for participants compared to home-based, unsupervised exercise training. While both exercise delivery methods have inherent strengths, they each have weaknesses that limit patient participation and adherence, possibly limiting overall intervention efficacy and chronic exercise behaviour adoption. Hospital-based, one-on-one exercise training is costly and has poor generalizability to community-based programs that lack equivalent resources and oncologic expertise. Additionally, distance to exercise facility, associations between hospital and difficult treatments, and travel costs related to urban tertiary care centres are reported barriers to hospital-based exercise adherence and participation [25] [26] [27] [28] [29] . Conversely, home-based programs are limited by the lack of supervision and tangible professional support required to ensure full compliance with, and safety of, the exercise prescription. Failure to adequately comply and progress with the exercise prescription may result in failure to stimulate physiologic adaptation and performance improvements. To address the limitations of hospital-based, supervised training and home-based exercise programs, supervised group-based exercise (GBE) may be an ideal alternative mode of exercise program delivery for cancer patients. GBE can provide participants with qualified supervision and motivation, immediate feedback and instruction, as well as social support, while significantly reducing the personnel and facility-requirement costs as multiple participants can be trained in a fraction of the time it takes to deliver personal training for the same group.
Culos-Reed and colleagues conducted two trials of home-based exercise for PCa patients using supplemental 90-minute weekly GBE classes (called "Booster Sessions") to facilitate program adherence through social support and education [16, 17] . Although these sessions were well attended (~80% attendance rate), the homebased intervention demonstrated limited effectiveness at improving fatigue and other fitness outcomes. The lack of improvement, compared to other facility-based trials in this population, may be attributable to a lack of compliance with the specific exercise prescription in the home-based setting. These studies did demonstrate, however, that patients are willing to attend GBE classes, and if conducted on a more frequent basis (2 -3 times per week), may be more efficacious than home-based exercise with minimal increases in cost. Furthermore, the GBE format which facilitates social support and provides trainer supervision and motivation may improve participation rates and adherence. To date, exercise interventions for cancer patients that are principally GBE have not been directly compared to equivalent personal training (PT) programs which are generally considered the gold-standard for exercise training. This type of investigation is warranted given the presumed resource-utilization discrepancy between intervention delivery models, with PT likely being considerably more costly. Moreover, no study has examined exercise in the same cohort across two geographically unique sites. Information regarding attendance to urban and suburban locations is useful to address various local facilitators and barriers to exercise participation in cancer populations [30] [31] [32] . The objectives of this pilot trial are to assess the feasibility and efficacy of 8 weeks of GBE versus PT at two training locations on fatigue and HRQOL in men receiving ADT for PCa.
Methods

Trial Design
This pilot study was a prospective, two-arm randomized pilot trial of GBE versus PT. The exercise interventions were delivered in the Greater Toronto Area in Ontario, Canada, at an urban tertiary care hospital and a suburban university. Trainers, assessors, and participants were not blinded to group allocation. Concealed randomization was performed using sequentially numbered opaque envelopes containing group assignments provided to participants following the baseline assessment. This study was approved by the research ethics review committees at the participating institutions.
Recruitment
Eligible patients were approached for participation by a research team member following a urology clinic appointment in June 2011. Patients could also respond to study information posters in the clinic waiting areas. Eligible participants were informed of the study procedures, and potential benefits before providing written informed consent. Participants were paid twenty dollars per week if they attended at least two exercise sessions in that week to defray travel-related costs.
Participants
Patients were eligible for the study inclusion if they: 1) had histologically confirmed PCa; 2) were currently receiving ADT or recently completed ADT (within the past 3 months); 3) had non-metastatic, asymptomatic disease; 4) were between ages 45 and 75 years; and 5) did not have a comorbidity that would preclude participation in a moderate-vigorous intensity exercise program (including: severe coronary artery disease (Canadian Cardiovascular Society class III); uncontrolled hypertension (BP > 200/100) or significant congestive heart failure (New York Heart Association class III); uncontrolled pain; neurological or musculoskeletal ailment inhibiting exercise; high risk of fracture according to the World Health Organization Fracture Risk Assessment Tool (WHO FRAX); and diagnosed psychotic, addictive, or major cognitive disorders).
alternating weeks (i.e. weeks 1, 3, 5, and 7 at the hospital and weeks 2, 4, 6, and 8 at the university). The urban/hospital-based training was conducted in a cancer survivorship facility at the hospital. This facility was equipped with a group-exercise studio, resistance bands, aerobic steps, free weights, resistance bands, stability balls and medicine balls. The exercise facility at the university was equipped with a group-exercise studio, aerobic exercise machines (elliptical machine, treadmill, and stationary cycles), plate-loaded weight-training machines, and free weights.
Three senior kinesiology undergraduate students with personal training certification and group exercise experience delivered the intervention under the supervision of certified exercise physiologists. All exercise sessions were 60 minutes in duration, offered three times per week for eight weeks. (Due to a civic holiday, one training day was lost, resulting in a maximum training volume of 23 sessions over 8 weeks). Participants were encouraged by their trainers to exercise at 70% -85% of their measured maximum heart rate for aerobic exercise and 6 -12 repetition maximum for resistance training. Heart rate was measured throughout GBE and PT sessions using a heart rate monitor or oxygen saturation monitor.
Although there are inherent differences in program delivery between GBE and PT, equivalence between the GBE and PT groups was attempted by using similar fitness parameters: 5 minute warm-up, 25 minutes of aerobic exercise, 25 minutes of resistance training, and a 5 minute cool-down. For all participants, resistance training included one exercise for the upper and lower extremities, chest, back, and core muscles per training session. Each participant also received an exercise manual with important details about the exercise program including: safety precautions, location and traveling directions for the exercise sessions, an exercise log, and a calendar detailing the dates, times, and locations of their GBE or PT sessions.
The only difference between the intervention groups was the format in which the exercise program was delivered (GBE or PT). GBE classes employed low-impact, aerobic exercise routines and basic resistance training using free-weights, calisthenic exercises, and/or resistance bands and stability balls. PT sessions employed standard aerobic training equipment or trainer-led lowimpact step exercises and resistance training using plateloaded machine, resistance bands, or free-weight exercises (location-dependent).
Assessments
Each participant completed assessments at baseline and post-intervention (8 weeks). All assessments were conducted at the university by a certified exercise physiologist with assistance from senior kinesiology undergraduate students.
Outcome Measures
Our primary outcome measure was feasibility and was assessed by the participation rate, adherence to the exercise intervention (as indicated by session attendance), attrition, and adverse events related to exercise testing or training. Patient satisfaction surveys were also administered at the end of the trial to obtain information that might further guide the development of a large-scale randomized trial. Participants were asked to rate how much they agreed with a statement regarding their participation (1 = strongly disagree to 5 = strongly agree). Secondary outcomes were incorporated to examine the effectiveness of GBE and PT on psychosocial and physical measures.
Demographic, Disease, and Treatment
Information Demographic (e.g. age, educational status, etc.), disease (tumour stage and Gleason score), and treatment (ADT regimen) information were collected at baseline.
Psychosocial Outcomes
Cancer-specific fatigue was assessed using the 13-item Functional Assessment of Cancer Therapy-Fatigue (FACT-F) [33] . The FACT-F has high test-retest reliability (r = 0.87), excellent internal consistency (Cronbach's α = 0.93 -0.95), and good convergent/discriminant validity [33, 34] . The FACT-F has been previously used in trials examining the effect of exercise in men with PCa [21, 35] . The minimal clinically important difference (MCID) for the FACT-F is 3.5 points. PCa-specific HRQOL was examined using two measures: the Functional Assessment of Cancer Treatment-Prostate (FACT-P) [36] and the Patient-Oriented Prostate Utility Scale (PORPUS) [37] . The FACT-P a widely used instrument that combines 12 items for assessing PCa-specific issues with 35 items of the generic FACT (FACT-G) scale to produce a 47-item scale. The FACT-G is an extensively validated cancer-specific measure with high reliability and internal consistency estimates in multiple languages [36, [38] [39] [40] [41] [42] . The FACT-P has been validated in older cancer patients [41] and was able to detect differences in PCa patients related to exercise intervention in 3 previous studies [12, 35, 43] . The MCID for the FACT-P is 5.5 points. The PORPUS is a psychometric and utility HRQOL scale that has found to be reliable in discriminating between known groups of PCa patients as well as change over time in known groups [44] . The PORPUS is a 10-item questionnaire that asks patients to describe their HRQOL status by selecting 1 of 5 possible conditions in the following domains: pain and disturbing body sensations, energy, support from family and friends, communication with doctor, emotional well-being, urinary frequency, bladder control, sexual function, sexual drive, and bowel problems. The PORPUS has been used in several studies to assess treatment-related changes in HRQOL [45] [46] [47] [48] [49] .
Physical Outcomes
Aerobic fitness was assessed by direct measurement of peak oxygen consumption (VO 2 peak) using the modified Bruce treadmill protocol [50, 51] . Grip strength was assessed according to the Canadian Society for Exercise Physiology protocol [52] . To examine strength increases of the upper and lower extremities, the Brzycki method [53] was employed to determine 1-repetition maximum (1RM) for the plate-loaded seated bench press and leg press. This method of estimating 1RM is recommended for older adults and has been used previously in cancer populations [54, 55] . Balance was assessed using the Functional-Reach Test that is intended for an elderly population and measures the distance that a patient can safely reach forward without taking a step [56, 57] . Participant height and weight were recorded and used to calculate body mass index (BMI). Waist circumference was measured according to the World Health Organization guidelines [50] . Body density and body fat percentage were calculated using sum of three skinfolds (chest, abdomen, and thigh) [50, 58] . BMD (g/cm 2 ) was assessed using quantitative ultrasound (QUS) of the calcaneus. Calcaneal QUS is commonly used to estimate BMD and requires patients to place their heel between two probes that transmit pulses ultrasound waves [59, 60] . Correlations between QUS and the gold-standard, dual X-ray absorptiometry (DXA), at the same anatomical sites have been found to be as high as r = 0.8 -0.9 [61] and was shown to predict fracture risk independent of DXA [62] .
Statistical Analysis
Data were double-entered by two research staff to ensure accuracy. Baseline comparisons were performed using independent-samples t-tests for continuous variables and chi-squared analyses for categorical variables. Analysis of covariance was conducted to compare differences in psychosocial and physical outcomes at post-intervention, controlling for the baseline value of the outcome of interest. Per protocol analyses were conducted on participants that completed baseline and post-intervention assessments. Data were analyzed using the Statistical Package for Social Sciences version 19.0.
Results
Participant Characteristics and Feasibility Assessment
We recruited 13 (24%) of the 54 eligible participants we approached. Eligible participants cited the following reasons for non-participation: no time or not available during the intervention period (n = 12), too far to travel for exercise (n = 3), not feeling well enough to participate (n = 1), not interested or already exercising (n = 12), or no reason provided (n = 13). The 13 participants were randomly assigned to receive GBE (n = 6) or PT (n = 7) for 8 weeks. Participant characteristics are presented in Tables 1 and 2 . There were no significant differences between groups at baseline. Three participants from the GBE group did not complete the trial: one participant experienced symptomatic metastatic disease and was withdrawn from the study after 1 week; two other participants indicated that the exercise facility was too far to commute on a regular basis and withdrew from the study after the baseline assessment. Study non-completers were more likely to be smokers than completers (chi-square = 10.0; p = 0.019), and non-completers were more likely to be in the GBE group (chi-square = 4.55, p = 0.033). There were no other differences between study completers and non-completers (data not shown). The mean attendance rates for PT and GBE sessions among completers were 91% (SD = 8.0) and 88% (SD = 10.9), respectively (p = 0.645). Training sessions (combined PT and GBE) were attended at the urban location 94% of the time versus 83% of the time at suburban location (p = 0.582). In the patient satisfaction survey, 100% of participants agreed or strongly agreed with the statements: "I felt that participating in the exercise program was a positive experience and helped to enhance my quality of life", and "I will continue to exercise after this program is over." Seventy percent of participants agreed or strongly agreed with the statement "I feel that I have the confidence to continue working out on my own after this program ends". Forty-four percent of participants agreed or strongly agreed with the statement "I prefer to work out at the university rather than the hospital because traveling to the university was easier", while 33% strongly disagreed with this statement. Sixty percent disagreed or strongly disagreed with the statement "I prefer to work out in a hospital-based exercise facility". Finally, 60% of participants strongly disagreed with the statement "I would prefer to do group-based exercise rather than personal training" with the PT group being more likely to strongly disagree than the GBE group (p = 0.019). No other between-group differences were found in the patient satisfaction survey.
There were no adverse events related to the exercise ntervention. i Data are presented as Mean (SD); p-value for between-group differences using independent sample t-test. 
Psychosocial Outcomes
Within and between-group results of psychosocial outcomes are presented in Table 3 . From baseline to postintervention, there was a clinically important improvement in fatigue for the PT group that trended towards significance (p = 0.09). There were no other withingroups improvements for either the PT or GBE groups. There were no between-group differences at post-intervention for fatigue or HRQOL.
Physical Outcomes
Within and between-group results of the physical outcomes are presented in Table 4 . The PT group demonstrated improvements in resting systolic blood pressure (p = 0.033), body fat percentage (p = 0.001), and maximal lower body strength (p = 0.002) from baseline to post-intervention follow-up. There was also a trend towards improved waist circumference in this group over the 8-week intervention (p = 0.076). The GBE group demonstrated borderline statistically significant improvements in maximal upper body (p = 0.054) and lower body (p = 0.076) strength. After 8 weeks of training, the PT group demonstrated significantly greater improvement in maximal lower body strength than the GBE group (p = 0.038). Conversely, the GBE group demonstrated greater improvement in maximal upper body strength after the 8-week intervention (p = 0.013). Per protocol analysis (PT: n = 7; GBE: n = 3); Data are presented as mean (standard error); Between-groups analysis: p-value reported for ANCOVA when adjusting for baseline value; Within-groups analysis: *significant change from baseline (p < 0.1); Scales oriented to indicate improvement in well-being with increased score. Per protocol analysis (PT: n = 7; GBE: n = 3); Data are presented as mean (standard error); Between-groups analysis: p-value reported for ANCOVA when adjusting for baseline value; Within-groups analysis: *significant change from baseline (p < 0.1); †significant change from baseline (p < 0.05); ‡significant hange from baseline (p < 0.01). c
Discussion
Our study demonstrated that men with PCa are able to safely participate in a moderate-vigorous intensity exercise program, across two sites (urban and suburban) with similar program compliance. We also show that our recruitment to the PT versus GBE trial resembles the recruitment rate in previous exercise studies in PCa [21, 24, 35] , and that participants are largely satisfied with participation in such a trial. Participant satisfaction is also reflected in the high adherence rate in both intervention groups, however it appears that PT may be more preferable, as indicated by greater attrition in the GBE group and participant feedback. Our results are statistically underpowered to make conclusive statements about outcome measurements. However, our between-groups findings suggest that participants in our PT and GBE interventions experienced similar benefits in terms of most health outcomes, with the exception of greater improvements in lower body strength for the PT group while the GBE group demonstrated greater improvements in upper body strength. This latter finding may be due to a floor effect in the GBE group, although between-group differences at baseline were not statistically significant. Within-group improvements were observed for PT participants in terms of fatigue, blood pressure, body fat percentage, waist circumference, and upper body strength, while only upper and lower body strength improved for the GBE group. There was also a notable increase of twice the MCID for HRQOL using the FACT-P for the PT group but these findings were not statistically significant and require further examination in a larger trial. Several trials have assessed GBE or supervised exercise for cancer patients, but to our knowledge this is the first study to explicitly examine the feasibility and effect of PT versus GBE in a sample of cancer patients. Previous studies in men with PCa have examined supervised, facility-based exercise [12] [13] [14] 35, 43] and home-based exercise with and without weekly booster sessions [16, 63, 64] , with facility-based trials generally providing more and larger benefits for participants. The results of this trial suggest that PCa survivors equally attend PT and GBE sessions, as well as urban and suburban exercise facilities. This indicated that location and delivery mode of exercise may not be a significant barrier to exercise in this group. This is contrary to our a priori hypothesis that exercise in the suburban/university setting would be preferable to participants due to less traffic, easier access to parking, and less association between the exercise facility and difficult cancer treatments. This is important for cancer-exercise program designers considering various venues for program delivery. Furthermore, 2 participants in the GBE group withdrew from the study citing travel distance as a barrier. Whether or not this is a spurious finding related to GBE needs to examined in larger trials.
The preference for exercise intervention delivery models has been widely examine in recent years. While cancer patients commonly cite home-based, unsupervised exercise programs as most preferable [30, [65] [66] [67] [68] , there are several issues with this program design. First, supervised exercise is most amenable to monitoring adverse events and exercise technique that is important to prevent injuries. Second, supervision permits the exercise instructor to immediately respond to the motivational climate of the exercise participants, increasing or decreasing the intensity of the program accordingly. Third, there is likely a social determinant of routine exercise behaviour in a supervised setting that is lacking in a homebased setting, as participants become committed or feelresponsible to their training staff and possibly their fellow GBE participants. In contrast, supervised exercise requires training staff and a facility that is likely an institutional barrier to program implementation. As well, supervised training programs (unless home-based) require the participants to travel and incur associated costs, which is a reported barrier to routine exercise [25] [26] [27] [28] . Given that failing to maintain exercise behaviours is often associated with a return of side effects [17, 69] , cancer-exercise programmers must develop programs that are clinically effective and amenable to sustained participation. An ideal program may be one that includes initial facility-based supervision to ensure appropriate exercise technique and safety monitoring, followed by a home-based exercise program with routine follow-ups that allow for exercise adaptation and progression. Our current study suggests that GBE and PT interventions can routinely be attended by PCa patients. And, while it appears that PT may be somewhat more beneficial than GBE and especially appropriate for high-needs patients that require a high degree of supervision, it is likely also more costly which may prevent its common integration into cancer-exercise programs. Future research into the cost-effectiveness of cancer-exercise programs is notably absent and greatly needed.
Strengths of this study include a randomized design, supervised exercise training, as well as low study attrition and high program adherence. An additional strength is the use of several physical outcomes to assess changes in physical fitness that are known to be negatively impacted by ADT, such as musculoskeletal strength, cardiorespiratory fitness, fracture risk (balance and BMD), and body composition. Furthermore, the participants unanimously endorsed the exercise program, however our remuneration for participation in this trial may skew participant interpretation. On an open-ended question regarding comments on the exercise program, one par-ticipant said "I would like to continue in a program like this, it gave me a lot of energy", and another said "[the exercise program] gave me a very positive perspective on my physical condition and what I need to do to keep that up".
There are several limitations in this study that require cautious interpretation of this study and will need to be addressed in future assessments of GBE versus PT in cancer patients. As a pilot trial, the small sample was appropriate to assess the feasibility but inadequate to draw conclusions regarding intervention effect. Compounding the small sample size were 3 dropouts in the GBE group that severely limit the between-group comparisons. Based on the effect size required to detect a MCID in the FACT-F as the primary outcome, 39 participants per group would be required for analysis in a randomized controlled trial (three-armed). Other limitations of this study are: short duration of the exercise intervention, no long-term follow-up, and no blinding of fitness assessors. Despite our efforts, it is difficult to be sure that the intensity of the intervention is the same between the PT and GBE groups, and conceivable that personal trainers may unconsciously train their participants more intensely because they were more able to respond to fatigue and effort cues. Specifically, it was challenging to ensure that the resistance training portion of the interventions was equal between the PT and GBE groups because in the GBE setting, increases in repetitions or load to meet the exercise prescription were not adapted until the subsequent exercise class after feedback from the participant was received. In an effort to standardize training intensity between the intervention arms so that the training effect could be attributed to GBE versus PT (rather than intensity), we continually measured heart rate throughout the exercise sessions, ensuring that it was maintained within the exercise prescription, and adapted the resistance training portions as quickly as was feasible. In the future, it would be prudent to instruct participants in GBE to increase their resistance training intensity (load) throughout their exercise session by keeping a variety of weights/bands convenient to use as necessary.
Including our study, participation rates in exercise studies with PCa survivors ranges from 22% to 86% (mean = 47%), with comparable participation rates in home-based and facility-based trials (46% and 48%, respectively). Data regarding the number of cancer survivors meeting physical activity recommendations is mixed [70] ; however, it appears that PCa patients specifically are somewhat disinterested or not able to participate in exercise interventions. Our study offered free-of-charge fitness testing and training as well as travel cost compensation, yet only 24% of those invited ended up participating. Future studies should examine the various motivational factors and barriers associated with exercise in this population and design programs that would facilitate program participation.
Conclusion
Our trial demonstrates that PT and GBE in alternating exercise locations can be feasibly conducted in a population of older men with PCa receiving ADT. In the interest of cost-savings, GBE may be preferable for institutions considering the implementation of a cancer-exercise program given comparable efficacy to PT in several health outcomes. However, our findings do suggest that more, and greater benefits may be possible with PT when compared to GBE. Interpretation of the intervention effect results of this pilot trial should be guarded given the small sample size and disproportionate attrition between groups. A larger, randomized trial is needed to confirm our findings.
